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Experiments on Varietal Resistance to the Bean and Cotton
Anthracnose Diseases.
C. W. EDGERTON AND C. C. MORELAND.
The question of varietal resistance to disease is one that plays
an important part in all pathological work. That a disease may
attack one variety very severely and be of little importance on a
closely related one has been recognized for some time. With
some diseases, the selection of varieties or strains that are resist-
ant, forms the chief method of control. Unfortunately our knowl-
edge of varietal resistance or susceptibility to disease is at present
deficient. With a few diseases some knowledge has been obtained,
but with the great majority we have no definite data. The ques-
tion is not only of great value from a scientific standpoint but
also economically. If we had more knowledge of varietal resist-
ance in different localities, we should be able to increase our crop
production to a considerable extent.
From our present knowledge, we know that differences in the
host plants do not have the same affect on all diseases. Some dis-
eases confine themselves closely to certain strains or varieties of
plants ; others apparently affect alike all strains or varieties of a
species ; while still others are able to attack plants of very diverse
relationship. But to what resistance is due, we have but very
little knowledge. We merely know that certain varieties show a
considerable resistance to a ceHain disease but we do not know
why. Specific knowledge regarding varietal resistance is largely
confined to a few groups of diseases, such as the Fusarium wilts,
the various rust fungi, etc.
In this bulletin, the results of some experiments on the varietal
resistance to two diseases, th^ bean and cotton anthracnoses, will
be given. These diseases are quite similar and are produced by
two closely related fungi. The comparison of two closely related
fungi in regard to the varietal resistance of the host plants should
be of interest.
THE BEAN ANTHRACNOSE.
The bean anthracnose is a disease of beans caused by the
fungus, Colletotrichum lindemuthianum. The disease does the
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most damage on the pods where large circular, slimy,
reddish,
ulcer-like spots are formed, but it also occurs on the leaves
and
stems. The disease is known to occur on all varieties of
wax,
green pod, pole, navy, kidney and Lima beans. It has also been
reported on the Scarlet Runner. The disease is carried over from
fall to spring on the seed and is, on this account, a very difficult
one to control by ordinary methods.
The bean plant is an excellent one on which to study varietal
resistance to a disease. Bean varieties are well marked and defi-
nite. There is practically no crossing of varieties under
natural
conditions and so there are no intermediate forms between the
varieties. It is probable that the presence or absence of
inter-
mediate forms plays an important role in the resistance to dis-
ease. With well-marked varieties that do not normally hybridize,
a disease has an opportunity to become restricted to a single
variety ; while with plants that do normally hybridize, the pres-
ence of all sorts of intermediate forms would tend, to prevent the
adaptation of a fungus to a single strain.
Previous work on the varietal resistance of beans to the
anthracnose has been carried on by Barrus* and reported. He
has shown that some strains of the fungus will attack some
varieties of beans and not others, although the latter varieties
will be attacked by other strains of the fungus.
The experiments described in this paper have been carried on
both in the field and in the greenhouse in Louisiana in the years
1914 and 1915. The experiments described by Barrus have been
more or less duplicated and results obtained for our conditions.
The field experiments were not entirely satisfactory, as neither
1914 or 1915 were very good anthracnose years on account of the
dry weather, but results were obtained which give a good check
on the greenhouse work.
In the experiments, cultures of Colletotrichum Undemuthianum
obtained from a number of different sources were used. These
came from different parts of the country and also from different
varieties of beans. As the disease dies out during the summer
months in southern Louisiana, all of the cultures naturally orig-
inated in northern sections of the country. Most of them were
obtained from beans that were shipped into Louisiana for plant-
*Barrus, M. F., Variation of varieties of beans in their susceptibility to
anthracnose. Phytopathology 1 :190-195. 1911.
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ing. The cultures used during the course of the work were as
follows, the number in each case being the laboratory number of
that culture.
No. 1651. Culture obtained from bean seed received from
Prof. M. F. Barrus of Ithaca, New York, in October, 1913. Va-
riety of bean not noted.
No. 1656. A culture obtained from Messrs. Cook and Martin
of New Brunswick, New Jersey, in December, 1913. The fungus
had been in culture for a year or more at that time. From what
variety the culture was obtained is not known.
No. 1660. A culture obtained from Prof. M. F. Barrus of
Ithaca, New York, in January, 1914. From what variety the
culture was obtained is not known.
No. 1679. A culture obtained from cotyledons of small bean
plants of the variety, Boston Small Pea. Isolated in March, 1914.
No. 1680. A culture obtained from a leaf of a plant of the
variety, Boston Small Pea. Isolated in March, 1914.
No. 1681. A culture obtained from cotyledons of plants of
the variety, Bountiful. Isolated in March, 1914.
No. 1682. A culture obtained from cotyledons of the variety,
Red Kidney. Isolated in March, 1914.
No. 1687. A culture obtained from dried beans of the variety,
Davis White Wax. Isolated in April, 1914.
No. 1751. A culture obtained from Boston Small Pea plants
that had been inoculated with No. 1679. Reisolated in October,
1914.
No. 1779. A culture obtained from Large White Kidney
plants that had been inoculated with No. 1660. Only a very few
small spots were present on the plants. Reisolated in October,
1914.
No. 1794. A culture obtained from leaf veins of Large White
Kidney plants that had been inoculated with No. 1779 in the
greenhouse. A very few spots about a millimeter long were
present. Reisolated in April, 1915.
These various cultures were used to inoculate plants of (li-
ferent varieties. All of the inoculation work was done by spray-
ing the plants with a suspension of spores from pure culture. No
inoculations by puncture were tried, as there is no difficulty in
obtaining good infection by spraying the plants with spores.
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FIELD EXPERIMENTS.
Field tests were conducted on the spring crop of 1914, the fall
crop of 1914 and the spring crop of 1915. Different varieties of
beans were grown and at about the time the majority of the
varieties had pods about half developed, a number of plants of
each variety were sprayed with a suspension of spores of each
culture of the fungus. Several sets of inoculations were made
during the season so as to obtain some made under the best of
weather conditions and also with the pods in the most susceptible
stage. All of the inoculated plants, as well as those used for
checks, were examined frequently and the relative amount of the
disease noted. In the tables that will follow, the amount of the
disease is noted by the following symbols : 0, —








infection,- -|—|-, good infection; -|—j—1~, very good infection.
The infection experiments in the spring of 1914 were much
hindered by the weather conditions. The month of May was very
dry and the temperature comparatively high, conditions very
adverse for a good development of the disease. Most of the in-
oculations had to be made during this dry weather, and as would
be expected, a good infection of the disease was not obtained on
all of the susceptible varieties. While an infection in the experi-
ments shows susceptibility to the disease, a non-infection does not
necessarily show a resistance. The results of the spring infec-
tions of 1914 are shown in Table 1 below. The table shows the





















0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
+ + + + + + + 0 ++ +
+ + + + + Au Au _1_ 4- 4- 4- 4-
+ + 0 0 + + + + ++ + + + +
Wardwell's Kidney Wax + + + + + + + + + + + + + + +
Hodson's Long Pod Wax + + 0 + 0 0 0 + + + +
Hodson's Long Green Pod... + 0 0 + 0 + + + +
+ + + + + + 0 0 + + + + + +
0 0 0 0 0 + 0 +
0 0 0 0 0 0 0 0
+ 0 0 0 0 0 0 + +
0 0 0 + + + 0 0 0
+ + + + 0 + + + + + + +
In the fall of 1914, during the month of October, inoculations
were again made on a number of bean varieties. The results then
obtained are given in Table 2.
Table 2.
RESULTS OF FIELD INOCULATIONS IN FALL OF 1914.
Variety 1651 1656 1660 1679 1681 1682
+ + + 0 + + + + + +
+ + + + + + + + 0 + + + + +
+ + + + + + + + + +
+ + + + + +
0 0
0 0 0 0 0
+ + + ++ + 0 + + + + +
0 +
0 0 0 0 0
+ + 0 +++ + +
0 0 0 + 0 0
+ + 0
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In the spring of 1915, different bean varieties were again in-
oculated in the field with four of the anthracnose cultures. These
were cultures which had previously shown variations in regard to
their ability to infect different varieties. The results of this ex-
periment are given in Table 3 below.
Table 3.
RESULTS OF FIELD INOCULATIONS IN SPRING OF 1915.
Variety 1681 1682 1751 1794
+ + +
+ + + + + + + + +
+ + 0 0 0
+ +
+
0 0 0 0
+ + + + 0 +
0 0 + + 0
+ + + + + +
GREENHOUSE INOCULATIONS.
Greenhouse experiments were also conducted during the win-
ter of 1914-15. The young plants of the different varieties were
grown in pots until they were four or five inches high and then
used for inoculation purposes. In this work only one culture was
used at a time. All of the different varieties were inoculated with
the culture and the plants kept until sufficient time had elapsed
to obtain a good infection. The plants were then removed and
the test duplicated with another culture of the fungus. The
plants were covered with bell jars lined with moist paper for two
days after the inoculation to give a perfect chance for infection.
There was very little chance in these experiments for a plant to
remain healthy unless it was resistant to the culture used. The
spots would usually begin to show within four to six days after
the inculation and would reach their full development in about
two weeks. The results of the greenhouse inoculations are given
in Table 4 below.
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Table 4.
results of greenhouse inoculations.
Variety 1651 1656 1660 1679 1681 1682 1751 1779
Scarlet Runner. . . . o o o o o o o
Fordhook's Bush
Lima. 4- -(- 4. 4_
Flageolet W^ax. . . 4- 4- 4-4-4- 4-4-4-
Bountiful + + + + + + -j- 4- 4-4-4- 4-4-4- 4-4-4- -t- 4- 4-4-4-
Davis Whiite W^ax. 4- 4- 4-4-4-
Wardwell's Kidney
Wax + + + 4- 4- +t i r 4- 4.n r 4-4-4- _|_ 4_ -4- -1-1 r _1 I Li 1 r
Hod^m's Long Pod
Wax + + + + + + + 4- + + + + + + + + + + 4-
Hodson's Long1 Green
Pod + + + + + + + 4-4- 4-4- +
Long-fellow + + + + + + + + + + + + 4-4- 4- + 4- + + + +
Dwarf Horticultural. + + + + + + + + 4- + + + 4- + 4- + + +
{•Large White Kidney- 0 0 0 0
+ + + + + + + + 0 + + + 4-4-4- + + +
Boston Small Pea. . . + + + 4- + + + + + + + 4- + +
White Marrow 0 4- + + 4- 4-4- 0 +
t The large white kidney plants that showed infection were only very
slightly affected. There were only two or three very small spots about a
millimeter in length on the under side of the leaf veins. These spots did not
increase in size and would not have been noticed if a careful examination of
the plants had not been made.
RESULTS OF THE INOCULATIONS.
An examination of the above tables will show that practically
the same results were obtained as were obtained by Barrus in his
experiments. Cultures of the bean anthracnose show variations
in regard to their virulence on different varieties of beans. Brief-
ly, it may be said that, while each variety of bean does not have
its own strain of the fungus, there are certain varieties of beans
that are attacked much .more severely by certain strains of the
fungus than by others and some varieties are practically immune
to certain strains. The points which seem of particular impor-
tance may be briely mentioned.
1. Beans of the snap varieties such as Wardwell's Kidney
Wax, Bountiful, Davis White Wax, Flageolet Wax and Long-
fellow seemed to be susceptible to all of the strains of the fungus
that were used in the experiments. In some instances there was a
slight difference in the relative amount of infection but this was
usually not very marked. It is possible that other strains of the
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fungus may be found that would not attack these varieties, but
it is of importance to note that strains which showed considerable
differences in regard to their ability to attack other varieties
seemed to attack all of these snap varieties.
2 There was no culture among the lot that
would develop
satisfactorily on the Scarlet Runner or the Large
White Kidney.
It is known, however, that these beans
are not immune to the
anthracnose. Barms. has had strains that
would attack these
varieties and Massee* has also reported the
disease on the bcarlet
Runner in Europe. A few times during the course of this
work,
a limited number of very small spots
developed on the Large
White Kiclnev plants, but these always remained
small and did
not seem to penetrate to any distance in the
host tissue. These
spots, however, generally produced a limited
amount of conidia
and several times the fungus was reisolated from
them. The im-
munity did not seem to be due to a lack of infection
but rather
to the inability of the fungus to grow in the tissues
of the plant.
3 Some of the varieties of the beans used,
especially the Bos-
ton Small Pea and the Red Kidney, showed
considerable resist-
ance to certain strains of the fungus but
were very susceptible to
other strains. The Boston Small Pea was
injured very badly by
a culture obtained originally from this variety
while the infection
produced bv other strains was not usually very
marked. It is
important to note, however, that these other
strains were able to
produce some infection on the Boston Small Pea
bean. The Red
Kidney bean seemed to be attacked by all of the
strains with the
exception of the ones that originally came from the
Boston Small
Pea. It should be stated, however, that the
strain that came orig-
inally from the Red Kidney bean caused a somewhat
greater in-
fection on this variety than the other strains.
There seemed to be three distinct types among the different
cultures studied. One of them, perhaps best represented by No.
1681, was able to infect all of the varieties of the species, Phaseolus
vulgaris, that were tried with the exception of the Large White
Kidney. Some of the varieties, especially the Boston Small Pea,
*Masse, G., French bean canker. Gard. Chron. 3 set., Vol. 23, No. 594:
294. 1898.
1U
did not show as heavy an infection as some of the others, but the
infection in some cases could not he classed other than good. In





c, Large White Kidney
;
d, Red Kidney.
The Large White Kidney shows no infection, the Boston Small
Pea shows considerable infection but not enough to kill all of the
plants, while the Bountiful and Red Kidney are entirely dead.
A second type, best represented by No. 1679, caused a severe
infection on the Boston Small Pea, fair to good infection on the
snap varieties, but practically no infection on the Large White
Kidney or the Red Kidney. In figure 2 are shown plants affected
with this fungus: a, Boston Small Pea; b, Bountiful; c, Large
White Kidney
;
d, Red Kidney. The Boston Small Pea plants are
badly infected, the Bountiful slightly less, while the Large White
Kidney and the Red Kidney show no infection.
The third type, best represented by No. 1682, shows a very
heavy infection on the Red Kidney, somewhat less infection on
the snap varieties, a considerable less infection on the Boston
Small Pea, and no infection on the Large White Kidney. In





c, Large White Kidney
;
d, Red Kidney.
The Red Kidney plants are very badly affected, the Bountiful
somewhat less, the Boston Small Pea still less, and the Large
White Kidney no infection.
There may be many other strains of the bean anthracnose and
undoubtedly there are some others. There are, without doubt,
strains which will attack the Large White Kidney and the Scarlet
Runner. Possibly also strains may be found that will attack cow-
peas and other legumes. Chester* has reported an anthracnose
on cowpea seed and it would not be surprising if this were really
a strain of the bean anthracnose. And perhaps some of the other
described species of Gloeosporium and Colletotrichum on legumes
will be found to be but strains of Colletotrichum lindemtithianum
and it is possible that we may find bridging species of host plants
that will connect these forms absolutely.
*Chester, F. D., Diseased cowpea' seed. Del. Agr. Exp. Station, 6th An-
nual Report, 1893 :110-111. 1894.
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An interesting point in these experiments was the successful
infection of some of the cultures on Fordhook's
Bush Lima bean,
a variety of the species Phaseolus lunatus.
Here we find cultures
that will attack varieties of different species
and yet will not in-
fect all varieties of the same species.
The origin of these different fungous strains is
not perfectly
clear. There seems to be two possibilities. (1)
The original bean
fundus may have been able to infect all or at least a great
many
varieties of beans and their relatives. Later particular
strains,
perhaps isolated in certain sections of the world, might
have lost
their power to infect certain varieties that were not present
in
that locality. (2) Or it is possible that the original fungus
was
confined to one or at least a few varieties such as the soft
podded
snap varieties. As time passed, certain strains gradually adapted
themselves to other types of beans. The latter possibility seems
more probable. It is not unlikely that the fungus which orig-
inally occurred on a wax variety gradually adapted itself to a
kidney variety and after some time developed even better on this
than cm its original host. Another strain in the same way would
adapt itself to the Navy type of beans. The bean anthracnose is
. not very variable, and would not readily change after becoming
adapted to a special host.
An attempt was made to adapt a strain of the bean anthrac-
nose to a bean variety that was not susceptible. As has been
noted, under the most favorable circumstances culture No. 1660
would cause a very slight infection on the Large White Kidney
bean. It seemed possible to obtain a strain that would cause a
good infection on the Large White Kidney by repeated reisola-
tions from this variety. There was difficulty in culturing the
fungus from the very small spots but after some attempts it was
carried through three generations on the Large White Kidney
bean. Cultures No. 1779 and 1794 were ones obtained in this
manner. As far as this work went, absolutely no change was
noticeable in the fungus. At the end, it would not infect the
Large White Kidney a bit better than the original culture. Of
course, if this work had been carried on through several years,
the fungus might have gradually adapted itself to this variety.
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Effect of different cultures of Colletotrlchum lindemuthianum on bean
varieties. The variety in each case is as follows: a, Boston Small Pea;
b, Bountiful; c, Large White Kidney; d, Red Kidney. Fig. 1. Plants inocu-
lated, with culture 1681 obtained from Bountiful beans. Fig. 2. Plants inocu-
lated with culture 1679 obtained from Boston Small Pea beans. Fig. 3 Plants
inoculated with culture 1682 obtained from Red Kidney beans.
THE COTTON ANTHRACNOSE.
The cotton anthracnose is a disease of cotton caused by the
fungus, Glomerella gossypii (Colletotrichiim gossypii). This dis-
ease causes the most injury to cotton bolls but it also occurs on
the leaves and stems of the plant. The disease shows on the bolls
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in the form of spots or by a general rot. As the disease is carried
over from fall to spring- on the seed in the same manner as the
bean anthracnose. it is also difficult to control. All varieties of
cotton seem to he more or less affected.
Cotton is not represented by well-marked varieties as the bean
plant is. Cotton varieties cross very readily in the field and all
intergradmg forms between the varieties can be found. The lack
of distinct types and the presence of intergradmg forms hinders
materially the specialization of fungous strains to particular
types.
There is very little reliable data published on the varietal re-
sistance of cotton to the anthracnose disease. Many counts have
been made at various times in variety plots but these do not
answer the requirements because the various factors in the spread
of the disease have not been taken into account. A resume of
these previous counts has been made in a previous publication*
and it is not necessary to include it here. It should be said, how-
ever, that these counts have given extremely variable results and
do not give much authentic information regarding varietal resist-
ance. In order to get reliable data, the plants must have an equal
chance to become infected and this can only be obtained by arti-
ficial means.
Data compiled for this bulletin were obtained by two methods,
by natural infection and by artificial infection. All of the work
has been conducted in the field as it is impossible to grow any
number of cotton plants to maturity in a limited sized green-
house. In the natural infection work the varieties were grown
between rows of badly infected plants and the percentage of in-
fection obtained. In the artificial infection work the flowers were
inoculated with pure cultures of the anthracnose fungus.
The natural infection work has been carried on by several
different southern Experiment Stations. The project was ini-
tiated by Professor H. R. Fulton of the North Carolina Experi-
ment Station. Seed of different varieties was sent to workers at
the different stations and this was used in the work. The seed
used was supposed to be free of the disease but this was not always
the case. It is a very difficult matter to obtain seed that is known
to be absolutely free of the disease. Growers in each case claimed
*Edg-erton, C. TV.. The rots of the cotton boll. Louisiana Agr. Exp. Sta-
tion Bulletin 137:49-51. 1912.
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green house. A very few spots about a millimeter long were
the seed to be healthy and they were without doubt honest in
their convictions but a limited amount of disease in a field is very
liable to be overlooked. This seed was planted in the field so that
each variety was adjacent to a row planted from badly infected
seed. The object of the experiment was to see what percentage
of the bolls would become infected from the adjoining rows.
This work was begun in 1914 when ten different varieties were
used. Before planting, samples of all of the seeds were tested for
the presence of anthracnose spores. The estimated number of
anthracnose spores on three hundred seeds of each variety is
given in Table 5.
Table 5.
number of anthracnose spores on cotton seed tested.
No. of spores
Variety on 300 seeds
Modella.. > . ... . 0
Cook's Improved 0
Sunbeam . 0
Lewis Hybrid No. 63 0
Dix-afin 0
Half and Half (North Carolina) 2,500,000




The above table shows that some of this seed was very heavily
infected. In fact, the Mebane Triumph seed had the heaviest in-
fection of any seed that has ever been tested at the Experiment
Station laboratory. The infection was so bad that many of the
seeds were pink from the abundance of spores.
Seed that had been gathered in infected fields was also re-
ceived to be planted alongside of the varieties. Two lots of this
infected seed was obtained, one from South Carolina and the
other from North Carolina, These two lots will be designated in
this bulletin as South Carolina Infection Seed and North Caro-
lina Infection Seed. These were also tested in the laboratory and
it was found that the South Carolina seed had 700,000 spores to
300 seeds while the North Carolina seed had 1,760,000 to the same
number.
NATURAL INFECTION EXPERIMENTS.
The seed was all planted so that a row of each variety had an
infection row on each side of it. This gave a chance for the
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spread of the disease to all plants. The season of 1914 was an
excellent one for the development of the anthracnose disease in
Louisiana. There was a great deal of wet weather and the boll
weevil infestation in the experimental plots was very heavy, mak-
ing conditions very favorable for good infection. This experi-
ment was conducted in duplicate at Baton Rouge and was also
tried in North Carolina by Professor Pulton and in Georgia by
Professors Lewis and East. The percentage of infection obtained
in the two test plots at Baton Rouge and by the other workers in
North Carolina and Georgia is given in Table 6. The percent-
age of infection at Baton Rouge was determined by obtaining the
actual percentage of infected bolls on twenty-five hills. The meth-
ods employed at the other stations were not noted in the reports.
Table 6.
NATURAL INFECTION TESTS IN 1914; PERCENTAGE OF INFECTION.
Vah iett
Lewis Hybrid No. 63.









S. C. Infection Seed. . .









































The above table shows a great variation in regard to the rela-
tive infection of the different varieties in the different localities
and even m the different tests at Baton Rouge. However the ex-
periment does not give any evidence that any one variety is mark-
edly more resistant than any other variety.
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In 1915, this experiment was again conducted
at Baton Rouge,
seed being furnished by Professor Fulton as in
the previous year.
The infection on the seed used was found to be as
follows:
Table 7.






Sunbeam. ' ' ' q






Willet's Red Leaf 1,650.000
Infection Seed " . ' ,
The experiment was carried on in the same
way as m the
preceding vear except that it was not conducted
in duplicate.
Also the field was located in a place where the
boll weevil infesta-
tion was very light, this tending to decrease
the amount of an-
thracnose infection. The results of this experiment
are given m
Table 8 below. In this table the varieties
and infection rows are
listed just as they occurred in the field, thus
giving the percentage
of infected bolls on each variety as
compared to the adjacent in-
fection rows.
Table 8.
NATURAL INFECTION TEST IN 1915; PERCENTAGE OF
INFECTION
Row 1. Infection row 6
'
7
Row 2. Simpkins " 4
'
g
Row 3. Infection row 5
'
Q
Row 4. Covington-Toole 3
'
4
Row 5. Infection row 2 4
Row 6. Sunbeam 39
Row 7. Infection row ' •• g | 2
Row 8. Half and Half 3
'
4
Row 9. Infection row 2
'
6
Row 10. Modella 3 3
Row 11. Infection row 21
Row 12. Willet's Red Leaf 2
"
6
Row 13. Infection row ' 1
'
5
Row 14. Dix-afifi * " 71
Row 15. Infection row
This table also shows a lack of any great
variation among the
varieties in regard to their susceptibility
or resistance to the an-
thracnose disease. There is no more variation
among the varieties





During the seasons of 1913, 1914 and 1915 artificial inocula-
tion experiments were also conducted. Young bolls will readily
take the disease if spores and a sufficient amount of moisture are
present. By experience it has been found that the most satis-
factory artificial infection is obtained by inoculating the flowers.
A small amount of a suspension of spores in water is placed in
the open flower late in the afternoon. The flower soon after closes
and dies and the spores are held in an excellent condition for
germination. The germinating spores or mycelium comes in
contact with the very young developing bolls underneath and
cause infection. This infection may occur at almost any place on
the boll but is more frequent at the tip. The fungus is able to
grow down through the old dead pistil into the boll. Sometimes
the whole center of the boll decays before the capsular tissue is
destroyed but more often the rot spreads downwards through
both the center of the boll and the capsular tissue. The figure on
the front page of this bulletin shows bolls that have become in-
fected following flower inoculation. In all of the artificial infec-
tion work discussed in this bulletin, the inoculated flowers were
marked by tags and all of the bolls were examined from two to
three weeks after the inoculation.
The first test was made in the summer of 1913 when flowers of
four different varieties were inoculated. The results of this test
are given in Table 9. A great many more inoculations were made
than are shown but they were made at a time when shedding was
very severe and only a few bolls were left.
Table 9.















26 20 77 35




Cleveland Big Boll 29 14 48 14
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In 1914, a greater number of varieties were used and a much
larger number of inoculations. Two sets of experiments were
conducted during the season. For the first set, inoculations were
made daily from June 23 to July 2, and for the second set from
July 6 to July 24. A period of very wet weather occurred be-
tween July 2 and July 6, causing a very heavy natural infection,
and it seemed best to consider the two sets separately. Flowers
treated with pure water were used as checks. In Table 10 is
given the results of the set of inoculations made between June 23
and July 2. For each variety there is listed the number of bolls
that developed from the inoculated flowers, the percentage of in-
fected bolls and the percentage of bolls infected at the tip.
Table 10.


















29 34.5 7.0 30 76.7 30.0
45 75.6 0.0 41 78.1 19.5
33 48.5 3.0 37 75.7 27.0
46 50.0 4.3 61 82.0 24.6
42 66.7 14.3 53 88.7 30.2
Half and Half (Ga.) 33 33.3 3.0 20 65.0 30.0
Covington-Toole 28 39.3 3.6 34 79.4 38.2
Trice 45 ' 51.1 4.4 57 82.5 38.6
60 58.3 5.0 83 88.0 33.8
Half and Half (N. C.).. 62 45.1 9.7 50 80.0 40.0
Mebane Triumph 26 57.7 4.0 40 90.0 42.5
Lewis Hybrid No. 63 36 16.7 5.6 52 73.1 38.4
Dix-afifi 69 50.7 2.9 54 79.6 42.6
25 48.0 4.0 39 95.0 38.4
Wannamaker's Pedigree
Cleveland Big Boll 91 68.1 3.3 83 91.6 43.4
The results of the second set of experiments from July 6 to
July 24 are given in Table 11.
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Table 11.
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Regarding the total infection, Table 10 should not be consid-
ered in discussing the results of the above experiments. The
weather conditions caused such a heavy infection even on the
checks that the results are of but little value. The infection per-
centage in Table 11. however, is more reliable. The infection on
the check bolls is not very heavy and the increase on the inocu-
lated bolls gives us an idea in regard to the susceptibility of the
different varieties. But in discussing the results, the question
of probable error must be taken into consideration. The uninoc-
ulated check bolls show a variation from 1.3% to 23.5% and as
wide a variation must be allowed with the inoculated bolls. The
percentage of infection on the inoculated bolls varied between
34.5% and 64.7%. Allowing for a possible error as large as on
the checks, we can only draw the conclusion that the experiments
have not shown any marked differences in regard to the suscepti-
bility to the anthracnose disease.
Regarding the percentage of infection at the tips of the bolls,
it would seem that both sets of inoculations could be considered.
There is not a high percentage of infection at the tips of the check
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bolls of either set. Consequently in Table 12, the results of both
sets in regard to tip infection are combined.
Table 12.














Cook's Improved 62 3, 59 20.3
Modella 90 0.0 118 23.7
68 2.9 64 26.6
85 2.3 101 26.7
Piedmont Early 59 11.8 76 30.3
Half and Half (Ga.) 69 1.5 69 30.4
Covington-Toole 70 1.4 78 32.1
Trice 67 4.5 84 33.2
Perry's Improved 95 4.2 105 33.3
Half and Half (N. C.) 108 5.6 94 37.2
59 6.8 66 39.4
Lewis Hybrid No. 63 116 1.7 121 39.7
104 2.0 76 40.8
Rublee's Defoliate 50 6.0 56 41.1
Wannamaker's Pedigree Cleveland
Big Boll 178 1.7 157 43.3
The percentage of infection at the tips of the inoculated bolls
shows a variation from 20.3% to 43.3%. The check bolls show an
infection as high as 11.8% in one instance but in no other case
higher than 7%. This shows that the error in the inoculation
results due to natural infection is probably not above 7%, though
a possible greater error may be present. Taking account of the
possible error due to natural infection, there is still some varia-
tion among the different varieties. Yet the differences are not
marked enough to show any remarkable variation in regard to
the resistance to the anthracnose disease.
In the summer of 1915, another set of inoculation experiments
was conducted. Flowers of five different varieties were inocu-
lated. A greater number of flowers were inoculated than in the
previous years, thus decreasing the error. The natural infection
in the field was not heavy, running from 2% to 5%, so that most
of the infection obtained in the tests came from the inoculations.
Data on tip infection was not obtained, only the total infection
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being considered. The results of this experiment are given in
Table 13.
Table 13.
flower inoculation experiments in 1915.
Variety Bolls No. infected % infected





















An examination of this table shows a slight variation among
the varieties in regard to the amount of infection. Simpkins
shows less infection than some of the other varieties, yet the in-
fection obtained with this variety shows that it is quite suscep-
tible.
Considering all of the experiments with the cotton anthracnose
that have been described, it can only be said that the different
varieties do not show any very marked difference in regard to
the susceptibility to anthracnose. It is probably a fact that there
is less actual loss in a field with some of the small boiled cottons
such as Simpkins but this is not due so much to the greater re-
sistance of the variety but rather to the fact that the bolls are
smaller, more numerous and develop quicker, and also are not
shaded so much on account of the smaller size of the plants.
Cook's cotton has a reputation in some parts of the cotton belt of
being one of the most susceptible varieties, and while the experi-
ments with artificial infection described in this bulletin have
shown that it is susceptible, they do not show any greater sus-
ceptibility than with many other varieties.
It is believed by the writers that the great difference in infec-
tion on different varieties that is often noticed in the field is not
due so much to the difference in susceptibility of the varieties
but rather to the infection that was on the seed when planted. If
seed of one variety comes from a badly infected field it is only
reasonable to suppose that the plants growing from that seed will
show a high infection, but if the seed is free of infection, the
chance of a heavy outbreak of the disease is slight. This phase
of the problem, however, has already been discussed in a previous
bulletin.
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VIRULENCE OF DIFFERENT CULTURES.
No mention has been made in the above discussion regarding
the cultures that were used and their virulence. As the bean
anthracnose cultures showed a remarkable difference in regard
to their ability to infect different varieties, the question might be
asked whether the cotton cultures might not show a similar adap-
tation. From the evidence at hand, however, this does not seem
to be the case. During the course of this work during several
years, a large number of different cultures have been used. These
have been used on a large number of varieties of cotton and
no variety has shown any marked resistance to any one of them.
To be sure, cultures do not all show the same virulence ; some
cultures are comparatively weak* while others are very virulent,
but no culture that has been used has shown any marked viru-
lence on one variety and weak virulence on another. In the ex-
periments which have been described on the previous pages,
many different varieties are seen to be badly attacked by the
same culture. This either shows that there is no marked special-
ization with the cotton anthracnose, or else the cultures that were
used had not become specialized. While there is no evidence
that there is any specialization, it is barely possible that strains
may be found in isolated places which have become adapted to
particular varieties of cotton and are more virulent on these.
Considering, however, that cotton crosses readily and does not
have the well-marked varieties as is the case with beans, this
seems unlikely to the writers.
In the experiments in 1914, two different cultures were used
in the inoculation work. In the tables on the preceding pages
these results were united, but it may be of interest to give the
percentage of tip infection with the two cultures. One culture,
numbered 1677, was obtained from infected seed in Louisiana,
though the variety was not noted at the time. The other culture,
numbered 1694, was obtained from infected Triumph seed from
North Carolina, the same seed described in a previous page as
being so badly infected. The percentage of tip infection on the
different varieties with these two cultures is given in the follow-
ing table.
*Barre (South Carolina Agr. Exp. Sta. 26th Annual Report, 1912 .13 :16-17.
1913) has reported a culture obtained from dead stalks that would not pro-
duce any infection on living bolls, but it is questionable whether he really was
working with a culture ot Glomerella gossypii. A closely related fungus,
Glomerella cingulata, is found very abundantly on all kinds of dead plants in
the southern states and it is possible that his culture from a dead cotton stalK
was of this species.
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Table 14.
tip infection with different anthracnose cultures.
Variety













24 20.8 35 20.0
54 20.4 64 26.6
29 31.0 35 22.9
50 32.0 51 21.6
Piedmont Early 34 29.4 42 30.9
Half and Half (Ga.) 37 24.3 32 37.5
38 26.3 40 37.5
46 34.8 38 34.2
Perry's Improved 44 36.7 61 31.1
55 30.9 39 46.1
34 44.1 32 34.4
64 41.0 57 28.6
44 31.8 32 53.1
27 44.4 29 37.9
Wannamaker's Pedigree Cleveland
Big Boll 76 43 1 81 43.2
An examination of the above table shows that both cultures
gave good infection on all of the cotton varieties used and in only
a few cases was the variation very marked. Considering the
small number of bolls of each variety used, a considerable varia-
tion in infection could be expected. Checks were used at the
same time and these showed an infection varying from 0% to
12.8%. An examination of the table shows that only the Half
and Half cottons and the Dix-afifi differ in the amount of infec-
tion more than 12.8%.
It is interesting to note in Table 14 that the Mebane Triumph
cotton showed a higher infection with culture No. 1677 than it
did with the one direct from Triumph seed, No. 1694. If there
had been any specialization, the opposite would have been ex-
pected.
The only conclusion that can be drawn from the data obtained
is that no evidence has been obtained which would show that
there is any marked specialization with cotton anthracnose
strains. In the opinion of the writers there seems to be two rea*
sons for this lack of specialization. (1) The cotton anthracnose
fungus, like the closely related species on the apple, Glomerella
cingulata, seems to be quite variable and is able to adjust itself to
variations in the host plant. The cotton anthracnose fungus will
even develop to some extent on species of plants other than cotton.
This is in marked contrast to the bean anthracnose, which does
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not show any marked variability or the ability to adjust itself
to slight variations in the host. (2) On account of the ease with
which cotton crosses, well-fixed and well-marked varieties do not
occur. While there are marked differences between typical plants
of different varieties, it is usually possible to find all intergrading
forms between them. These intergrading forms hinder the de-
velopment of resistant varieties as they form a bridge which
allows the fungus to pass from one variety to another. These
forms also hinder the development of distinct fungus strains as
is found in the bean anthracnose.
CONCLUSIONS.
The conclusions which may be drawn from the experiments
described on the previous pages may be briefly enumerated.
(1) The bean anthracnose fungus, Colletotrichum lindemu-
thianum>, is composed of a number of different strains, these af-
fecting bean varieties differently. Some beans, like the snap
varieties, seem to be susceptible to many different strains of the
fungus, while other varieties are fairly resistant to some strains
but very susceptible to others. Some bean varieties are practically
immune to some strains of the fungus.
(2) The existence of these different fungus strains seems to
be due to two things. The bean anthracnose fungus is not very
variable and so is unable to adjust itself to slight variations in
the host plant. Furthermore, bean varieties are well marked
and definite. The varieties do not cross readily and there are no
intergrading forms between them. The lack of intergrading
forms permits the specialization that is seen in the different
strains.
(3) The cotton anthracnose- fungus, Glomerella gossupii, does
not seem to ibe composed of different strains, as is the [bean an-
thracnose fungus, as all of the cultures which were used in the
experiments were able to infect a large number of cotton varieties.
(4) The cotton anthracnose fungus is more variable than the
bean anthracnose fungus and is more able to adjust itself to vari-
ations in the host plants. Furthermore, cotton varieties cross
very readily and the intergrading forms which result hinder the
development of the special strains.
(5) Cotton varieties do not show any marked variability in
regard to their resistance to the anthracnose disease. All of the
varieties that have been tried seem to be very susceptible, and
while the different varieties have in some cases given slightly dif-
ferent results, these have not been marked enough to be consid-
ered important.
